Introduction
============

Ambulatory surgery has many merits compared to that of conventional surgery performed at the hospital. Such merits include the following; increased number of annual surgical cases, decrease in the number of patients on the surgical-wait list, and reduction in hospital costs. Although ambulatory surgery is becoming useful and common, factors that can lead to its failure, including ineffective postoperative analgesia, postoperative drowsiness, and postoperative nausea and vomiting (PONV), have not been completely conquered \[[@B1],[@B2]\]. A recent large sample-size study reported that postoperative nausea is observed in at least one of five patients \[[@B3]-[@B6]\]. Persistent PONV may result in the following; dehydration, electrolyte imbalance, tension on suture lines, venous hypertension, and pulmonary aspiration of the vomitus. For ambulatory surgery to succeed, these causes of failure must be correctly recognized. It is essential to have an anesthetic procedure that mitigates these factors \[[@B1]\].

Remifentanil is known for its intense analgesic effect along with a rapid onset and very short duration of action, thus making it a safe and useful drug. However, whether remifentanil induces the onset or worsens PONV has not been thoroughly examined \[[@B7]\], particularly, in patients undergoing ambulatory surgery. Therefore, we retrospectively studied and analyzed anesthetic records of patients that underwent general anesthesia to verify the effects of remifentanil on PONV in a university hospital-based ambulatory unit.

Materials and Methods
=====================

This was a retrospective observation analysis for all consecutive adult outpatients (\> 15-year-old) who were managed under general anesthesia, from February 1, 2007 to October 31, 2009, at the day surgery unit (DSU) of Kyoto University Hospital. A written informed consent for data collection was preoperatively obtained from each of the patients. Exclusion criteria were as follows: all cases without the 100 mm visual analog scale (VAS) or verbal numerical rating scale (VNRS) for nausea within 24 h after the operation by any reasons \[[@B2],[@B8]\]. All the case that met the exclusion criteria were excluded from further analysis. The primary objective was to determine the effects of remifentanil on the incidence and severity of PONV, as well as administration of antiemetics over 24 h postoperatively. Second goal was to determine the frequency of use of analgesics and patient satisfaction. Patients were classified into two groups; those receiving remifentanil (RF group) or not (non RF group) during anesthesia.

Perioperative care protocol
---------------------------

All the patients were admitted to the DSU on the day of surgery. The preoperative fasting periods for solid food and clear fluids were at least 6 h and 2 h, respectively. No patient was premedicated and the methods of general anesthesia, including airway management and usage of drugs, including remifentanil or fentanyl as opioids and sevoflurane, propofol, or midazolam as hypnotics and sedatives, were dependent on the responsible anesthesiologists. Local infiltration anesthesia and use of nonsteroidal anti-inflammatory drugs (NSAIDs) were encouraged during surgery. Peripheral nerve blocks, such as femoral nerve block, sciatic nerve block, brachial plexus nerve block, transversus abdominis plane block, paravertebral block, and ankle block, were administered in appropriate cases. Nitrous oxide was not used at all. Neither gastric tube nor urinary catheter was placed. No prophylactic antiemetics, such as metoclopramide, dexamethasone, or droperidol, were administered pre- or intraoperatively. Strabismus surgery, laparotomy, thoracotomy, laparoscopic surgery, or thoracoscopic surgery were not performed. Breast surgery, gynecological surgery, including hysteroscopy, and cervical conization of uterus, laryngeal and thyroid surgery, knee and shoulder arthroscopic surgery, plastic surgeries, biopsy of prostate, transurethral resection of the bladder tumor, and other minor surgeries were performed. After surgery, patients were transported first to the postanesthesia care unit (PACU), and then to the stepdown recovery area (SRA) in the DSU. Patients were allowed to take fluids and a light meal if they desired. In the PACU and SRA, trained nursing staffs, who were blinded to the group allocation, interviewed the patients and documented adverse events, including nausea and vomiting or retching, and routinely recorded vital signs every 15-30 min. The drugs administered were noted. The attending anesthesiologists administrated antiemetic (metoclopramide 10 mg IV or droperidol 0.5-1.0 mg IV) drugs as per their discretion.

Measurements
------------

Episodes of PONV were the primary outcomes of this study, which were accounted for, by at least one obvious emetic episode (vomiting or retching) within 24 h after surgery or a score of over 10 mm on the 100 mm VAS (0 mm, no symptom; 100 mm, the worst symptom imaginable) or over 1 on the VNRS (0, no symptom; 10, the worst symptom imaginable), or both \[[@B9]\]. An evaluation with the 100 mm VAS was performed postoperatively at 30 min, 1 h, 2 h, and upon leaving the recovery room, and in the morning on the day after surgery. The use of the antiemetics, fentanyl and NSAIDs in the PACU and SRA, as well as patient satisfaction was also recorded. Trained DSU nurses directly interviewed each patient on the \'morning after surgery in a telephone call or by meeting the patient directly. Patients were asked about symptoms after DSU discharge with the VNRS, including PONV and the pain VAS, and the patients provided a score for satisfaction with the surgical operation and anesthesia procedure \[[@B2],[@B8]\].

Statistical analysis
--------------------

Demographic data, such as age, body weight, height, body mass index (BMI), and duration of anesthesia and surgery were compared using unpaired Student\'s t-test. The incidence of PONV was analyzed with the Fisher\'s exact test. All values were expressed as the mean (± Standard deviation \[SD\]) or as % (number). P values \< 0.05 were considered significant.

Results
=======

Patients were studied retrospectively from February 1, 2007 to October 31, 2009 at the DSU of Kyoto University Hospital. Only those patients who underwent general anesthesia were included in the study. A total of 3,456 case records were studied. Those who met the exclusion criteria were excluded. A total of 1691 cases (48.9%) were excluded, leaving 1,765 cases available for the analysis. The population characteristics are summarized in [Table 1](#T1){ref-type="table"}. Of the 1,765 cases studied, 75.2% were women, 79.9% were non-smokers, 8.3% had a history of PONV, and 27.2% had a history of motion sickness. Operations performed were indicated as [Table 2](#T2){ref-type="table"}. The RF group consisted of 565 patients and the non RF group consisted of 1,200 patients. No significant differences with regard to patient demographics, such as gender, age, height, body weight, BMI, and intraoperative use of fentanyl, were observed between the two groups ([Table 1](#T1){ref-type="table"}). Significant differences were observed between the groups with regard to the use of sevoflurane, anesthesia time, and operation time ([Table 1](#T1){ref-type="table"}).

Overall, 141 of 1,756 cases (8.0%) had PONV, 26 cases (1.5%) developed vomiting or retching, and antiemetics were administrated to 44 patients (2.5%) ([Table 3](#T3){ref-type="table"}). The maximum VAS score for nausea were 12.1 mm in the RF group and 13.2 mm in the non RF group; however, no significant differences were observed between the RF and non RF groups ([Table 3](#T3){ref-type="table"}). Furthermore, it was observed that there were no differences between the groups for postoperative use of fentanyl and NSAIDs and patient satisfaction ([Table 4](#T4){ref-type="table"}). Afterwards, a comparison was done between the RF and non RF groups in patients who experienced PONV ([Table 5](#T5){ref-type="table"}). There were no differences observed between the groups for the parameters analyzed.

Next, we examined the influence of sevoflurane on PONV in this study. Number of cases which had nausea, vomiting or retching, and postoperative use of antiemetics were 87, 15, and 13, respectively, in the non sevoflurane group (n = 943). On the other hand, those of the sevoflurane group (n = 822) were 54, 11, and 21, respectively. There were no statistical differences between the groups.

Discussion
==========

Our primary objective of the present study was to determine the incidence of PONV and outcome of the use of antiemetics over 24 h postoperatively. No significant difference was observed between the RF and non RF groups for the occurrence and severity of nausea and vomiting or the use of antiemetic drugs.

It is reported that PONV occurs in 20-30% of the general surgical population \[[@B5],[@B6]\]. The incidence of PONV during the first 24 postoperative hours in the present study was very low compared to that of the previous reports, although the patients were not administrated with antiemetics for prophylactic purpose. In the present study, the mean duration of anesthesia was less than 3 h, and the frequency of fentanly use was less than 3%. These factors are thought to contribute to the low basal incidence of PONV in this study.

Apfel et al. \[[@B6]\] defined the use of opioids as one of the four major risk factors for the occurrence of PONV. In fact, it is reported that the use of fentanyl in an ambulatory surgery setting increases PONV and delays post anesthesia recovery \[[@B2]\]. Because the opioid remifentanil is known for its extremely short half-life \[[@B10]\], it is reasonable to assume that its use would be associated with reduced opioid-related side-effects, such as PONV. However, a recent meta-analysis demonstrated that remifentanil is associated with a faster recovery from anesthesia and more frequent postoperative analgesic requirement with no overall impact on PONV compared to opioids, such as fentanyl, alfentanil, or sufentanil used in general anesthesia, and that it is concluded that remifentanil does not seem to offer any advantage for lengthy, major interventions, but may be useful for selected patients \[[@B7]\]. We demonstrated that the use of remifentanil does not exacerbate the incidence and severity of PONV, nor does it facilitate postoperative analgesic requirement in an ambulatory anesthesia setting. This is different from the result of the meta-analysis, which compares the impact of remifentanil to that of longer-acting opioids, such as fentanyl, alfentanil, or sufentanil \[[@B7]\]. The disadvantage of opioid-free anesthesia could be intraoperative instability to surgical insults. In fact, it was observed that administration of remifentanil reduced body movement of patietns in response to surgical manipulation in this study (data not shown). A peripheral nerve block and infiltration of local anesthesia were performed in patients along with general anesthesia. Use of NSAIDs was also encouraged along with anesthesia. Combined with the effective and reasonable pain management, good control of postoperative analgesia can be achieved with remifentanil in the ambulatory surgery setting, even though it is an ultra short-acting opioid agonist \[[@B11]\].

One of the weak points of this study is that there are significant differences in intraoperative sevoflurane use between the RF and non RF groups. The rate of sevoflurane usage was lower in the RF group compared to the non RF group ([Table 1](#T1){ref-type="table"}). Because sevoflurane is reported to induce PONV and propofol is reported to reduce PONV \[[@B1],[@B2]\], theoretically, there was a possibility that sevoflurane induced PONV in the non RF group or that propofol used in the non-sevoflurane group prevented PONV in the RF group. However, our subanalysis demonstrated that use of sevoflurane did not affect the incidence of PONV or usage of antiemetics at least statistically significantly, as described in the result section. Thus, choice of anesthetics does not affect the incidence or severity of PONV under the use of remifentanil at least in this study. The other point is the discrepancy of durations of anesthesia and surgery. However, results in [Table 5](#T5){ref-type="table"} demonstrates that there are no significant difference of duration of either anesthesia or surgery in patients with PONV. Thus, duration of either anesthesia or surgery might not affect the incident of PONV in this study.

In conclusion, remifentanil does not increase the frequency of PONV or the use of postoperative analgesics in an ambulatory surgery setting. Thus, remifentanil is a safe and beneficial drug with regard to the occurrence and severity of PONV for ambulatory anesthesia.

We are grateful to Dr. Tomoharu Tanaka at Kyoto University Hospital for useful discussions.
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Demographic Characteristics
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Values are mean ± SD or % (number). RF group was received remifentanil, non RF group was not received during anesthesia. PONV: postoperative nausea and vomiting.
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Types and Number of Surgery Performed
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Values are number of each surgery. RF group was received remifentanil, non RF group was not received during anesthesia. TUR-Bt: transurethral resection of the bladder tumor.
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Incidence of Postoperative Nausea and Vomiting (PONV) and Severity of Nausea
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Values are mean ± SD or % (number). RF group was received remifentanil, non RF group was not received during anesthesia. VAS: visual analogue scale, VNRS: verbal numerical rating scale. ^\*^0: no symptom, 10: the worst symptom imaginable. NSAIDS: nonsteroidal anti-inflammatory drugs.
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Incidence of the Postoperative Use of Analgesics and Score of Patient Satisfaction
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Values are % (number). RF group was received remifentanil, non RF group was not received during anesthesia. NSAIDS: nonsteroidal anti-inflammatory drugs. ^\*^Global satisfaction with the surgical procedure and anesthesia care; score 0: very dissatisfied, score 10: very satisfied.
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Comparison between the RF and Non-RF Groups in Patients with Postoperative Nausea and Vomiting (PONV)
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Values are mean ± SD or number (%) or mean ± SD. VAS: 100 mm-visual analogue scale. ^\*^Global satisfaction with the surgical procedure and anesthesia care; score 0: very dissatisfied, score 10: very satisfied.
